HI GH - LUMINANCE PHOSPHOR LAYER 



Field of the Invention 

The present invention relates to a phosphor layer, and 
particularly relates to a phosphor layer used in a vacuum 
ultra-violet radiation excited light emitting element that 
emits light when exited by vacuum ultra-violet radiation . More 
specifically, it relates to a phosphor layer used in a plasma 
display panel (hereinafter abbreviated as "POP" ) as a flat panel 
display having a large screen, or used in a rare gas lamp. 

BACKGROUND OF THE INVENTION 

A phosphor layer is widely used in lamps such as rare 
gas lamps and fluorescent lamps, and light emitting elements 
for displays such as PDPs, Among these, rare gas lamps and 
PDPs are vacuum ultra-violet radiation excited light emitting 
elements , which are elements that emit light when phosphor layers 
are irradiated with vacuum ultra-violet rays* 

In a PDP, the phosphor layer is produced by applying a 
phosphor paste on surfaces of a back plate or a baffle by screen 
printing, direct spraying utilizing a nozzle (dispense method) , 
or the like, followed by drying and baking. 

Generally, a PDP has a configuration as described in JP 
10(1998 J-142781A. Two glass substrates are provided in 
parallel facing each other, between which interposed are a 
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multiplicity of discharge spaces (hereinaf ter referred to as 
"cells"] which are divided by baffles and in which rare gas 
composed of Ne or Xe as a principal component is capsulated. 
Among the two glass substrates , one glass plate on the observer 
side of the PDP is a front plate, and the other glass plate 
is a back plate. On a back side of the front plate, electrodes 
are provided, which are covered with a dielectric layer- On 
the dielectric layer, a protective film (MgO layer) is formed* 
On a front side of the glass substrate as the back plate, address 
electrodes are formed so as to cross the electrodes provided 
on the front plate as described above. Further, a phosphor 
layer is provided so as to cover a surface of the back plate 
(corresponding to bottom surfaces of the cells) and surfaces 
of the baffles. With vacuum ultra-violet rays generated by 
applying an alternating voltage across electrodes , the phosphor 
layer is caused to emit light , so that the observer views visible 
rays that transmit the front plate. 

An example of the vacuum ultra-violet radiation excited 
light emitting element other than the PDF is a rare gas lamp 
as an illuminating lamp. The rare gas lamp has a configuration 
similar to the PDP except that the discharge space is not divided 
by a multiplicity of baffles in many cases - The rare gas lamp 
attracts attentions from the viewpoint of environment 
preservation since it does not use mercury, unlike the 
fluorescent lamp. 
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The conventional vacuum ultra-violet radiation excited 
light emitting element such as a PDF or a rare gas lamp does 
not have a sufficient luminescence , and a vacuum ultra-violet 
radiation excited light emitting element having a higher 
luminance and a phosphor layer having a higher luminance for 
use therein are desired- 

An object of the present invention is to provide a phosphor 
layer having ahigh luminance and a vacuum ultra-violet radiation 
excited light emitting element utilizing the same, 

SUMMARY OF THE INVENTION 

In such a situation , the inventors of the present invention 
have made earnest studies to solve the aforementioned problems* 
As a result , they focused attention on the voidage of the phosphor 
layer, and discovered that the phosphor layer having a voidage 
exceeding a certain level has a high luminance, and finally 
completed the present invention. 

More specifically, the present invention provides a 
phosphor layer having a voidage of not less than 60 vol% and 
comprising a phosphor having a bet specific surface area of 
not less than 3 m 2 /g. Furthermore, the present invention 
provides a vacuum ultra-violet radiation excited light emitting 
element, utilizing the above -described phosphor layer. 
Furthermore the present invention provides the foregoing vacuum 
ultra-violet radiation excited light emitting element that is 



a plasma display panel. 

DETAILED DESCRIPTION OF THE INVENTION 

The following description will depict the present 
invention in more detail. 

Conventionally , it is considered that a phosphor layer 
having a high luminance is obtained by increasing the density 
of phosphor particles in the phosphor layer as much as possible 
so as to make the phosphor layer dense with a small voidage. 
However, the inventors of the present invention unexpectedly 
found that a non- dense phosphor layer having a great voidage 
has a high luminance - 

A phosphor layer of the present invention has a voidage 
of not less than 60 vol%. More preferably, it has a voidage 
of not less than 65 vol%* In the case where the voidage is 
less than 60 vol%, the emission luminance of the phosphor layer 
may decrease. In the case where the voidage Is excessively 
high, the density of the phosphor particles decreases, and 
decreasing the emission luminance of the phosphor layer may 
occur* Therefore, the voidage is preferably not more than 95 
vol%, and more preferably not more than 90 vol%- 

A phosphor having a BET specific surface area of not less 
than 3 m 2 /g are used for forming the phospor layer of the present 
invention. More preferably, a BET specific surface area of 
not less than 5 m 2 /g may be preferable from the viewpoint of 



a high, voidage of the phosphor- layer- In the case where the 
BET specific surface area decreases, it may be difficult to 
obtain a high voidage. 

An example of the method forming the phosphor layer 
utilizing a phosphor is screen printing utilizing a phosphor 
paste. 

Any known binder resin can be used as a binder resin used 
in the phosphor paste that is used when a phosphor layer is 
formed. Examples Of the binder resin include ethyl cellulose, 
methyl cellulose, nitro cellulose, acetyl cellulose, acetyl 
ethyl cellulose, cellulose propionate, hydroxypropyl cellulose , 
butyl cellulose, benzyl cellulose, etc* 

Examples of an organic solvent used in the phosphor paste 
include diethylene glycol monomethyl ether, diethylene glycol 
monoethyl ether, diethylene glycol monobutyl ether, diethylene 
glycol monomethyl ether acetate, diethylene glycol monoethyl 
ether acetate, ethylene glycol monomethyl ether acetate, 
ethylene glycol monobutyl ether acetate, propylene glycol 
monobutyl ether, dipropylene glycol, dipropylene glycol 
monomethyl ether, dipropylene glycol monoethyl ether, 
dipropylene glycol monomethyl ether acetate, propylene glycol 
monomethyl ether acetate, 3-methyl-3~methoxybutanol, butyl 
carbitol acetate, methoxybutyl acetate, terpineol, etc* 

Conventionally known phosphors can be used as phosphors 
used in the phosphor layer: examples of a red light emitting 



phosphor- include Y2O3 : En, Y 2 0 2 S:Eu, (Y, GdJBO^Eu, etc. : examples 
of a green light emitting phosphor include BaAl I2 0i$:Mn, 
BaMgAli 0 Oi 7 iMn, BaMgAl^O^a : Mn * Zn 2 Si0 4 :Mn, etc,; examples of a 
blue light emitting phosphor include BaMgAli 0 Oi 7 :Eu, 
BaMgAlnOas : Eu r etc , 

The phosphor layer may have any thickness • For instance , 
in the case where a phosphor layer is provided on a back plate 
for use in a PDP, the thickness of the layer is conventionally 
about 20 or more , By decreasing the thickness of the phosphor 
layer to less than 20 fjifl, it is possible to decrease an amount 
of use of a phosphor that is expensive. 

The phosphor layer of the present invention is suitable 
for a vacuum ultra-violet radiation excited light emitting 
element since the phosphor layer has a high luminance- In the 
case where the phosphor layer of the present invention is used 
in a vacuum ultra-violet radiation excited light emitting 
element, it is possible to provide a phosphor layer on both 
of the front plate and the back plate, but the light emitting 
element has a higher luminance particularly in the case where 
the phosphor layer is provided on the back plate of the vacuum 
ultra-violet radiation excited light emitting element. The 
phosphor layer of the present invention is suitable particularly 
for a PDP, among vacuum ultra-violet radiation excited light 
emitting elements- 



Examples 

The following description will depict examples of the 
present invention in more detail. The present invention, 
however, is not limited hy the examples . 

It should be noted that a voidage of a phosphor layer 
was calculated in the following manner . 

Voidage of Phosphor Layer (vol%) = (l-(m/(Vxp) ) )xlOO 
where s 

ni represents a weight (g) of the phosphor layer; 
v represents a volume (cm 3 ) of the phosphor layer; and 
p represents a theoretical density (g/cm 3 ) of the 
phosphor. 

Reference Example 

100 parts by weight of a powder of a blue light emitting 
phosphor BaMgAlioOivsEu having a BET specific surface area of 
1 . 2 m 2 /g was dispersed in 20 parts by weight of propylene glycol 
monomethyl ether acetate. A solution obtained by dissolving 
3 parts by weight of ethyl cellulose in 13 parts by weight of 
propylene glycol monomethyl ether acetate was added thereto 
as a binder solution and mixed, whereby a phosphor paste was 
prepared. The phosphor paste was applied on glass by screen 
printing and heated at 450°C, whereby a phosphor layer was 
produced. The phosphor layer had a voidage of 34 vol% (the 



phosphor layer had a relative density of 66 vol% ) • The obtained 
phosphor layer was placed in a vacuum chamber, maintained in 
a vacuum of not more than 6 . 7 Pa ( 5x1 0" 2 torr ) , and was irradiated 
with vacuum ultra-violet rays by using EXCIMER 146 nra LAMP 
(manufactured by Ushio Inc, H0012)* As a result, emission 
of blue light was exhibited* This luminance of the reference 
example is used as a reference luminance that is assumed to 
be 100 , and data of luminances of the examples and the comparative 
examples are shown below as luminances relative to the reference 
luminance . 

Example 1 

100 parts by weight of a powder of a blue light emitting 
phosphor BaMgAlia0 17 : Eu having a BET specific surface area of 
6 m 2 /g was dispersed in 20 parts by weight of propylene glycol 
monomethyl ether acetate- A solution obtained by dissolving 
3 parts by weight of ethyl cellulose in 13 parts by weight of 
propylene glycol monomethyl ether acetate was added thereto 
as a binder solution and mixed, whereby a phosphor paste was 
prepared. The phosphor paste was applied on glass by screen 
printing and heated at 45Q°C, whereby a phosphor layer was 
produced. The phosphor layer had a voidage of 68 vol%. The 
obtained phosphor layer was placed in a vacuum chamber, 
maintained in a vacuum of not more than 6*7 Pa (5xl0" 2 torr), 
and was irradiated with vacuum ultra-violet rays by using EXCIMER 



146 nm LAMP (manufactured by Ushio Inc, , H0012) - As a result, 
emission of blue light was exhibited. The relative luminance 
was 112 (with respect to the luminance of the reference example, 
which is 100) . 

Example 2 

0,0241 g of a powder of a blue light emitting phosphor 
BaMgAii 0 O 17 : Eu having a BET specific surface area of 6 m 2 /g used 
in the example 1 was filled in a substrate having a space of 
2 cmxl.6 cmxo.02 cm ( lengthxwidthxdepth ) , whereby a phosphor 
layer was produced. The phosphor layer had a voidage of 90 
vol% * The obtained phosphor layer was placed in a vacuum chamber , 

maintained in a vacuum of not more than 6*7 Pa (5xl0~ 2 torr) , 
andwas irradiated with vacuumultra-violet rays by using EXCIMER 
146 nm LAMP (manufactured by Ushio Inc. , H0012) . As a result, 
emission of blue light was exhibited- The relative luminance 
was 138. 

Example 3 

0.0557 g of a powder of a blue light emitting phosphor 
BaMgAlioOi 7 iEu having a BET specific surface area of 6 m 2 /g used 
in the example 1 was filled in a substrate having a space of 
2 cmxl.6 cmx0.02 cm (lengthxwidthxdepth) r whereby a phosphor 
layer was produced. The phosphor layer had a voidage of 77 
vol% - The obtained phosphor layer was placed in a vacuum chamber , 



maintained in a vacuum of not more than 6,7 Pa (5xl0~ 2 torr) , 
and was irradiated with vacuum ultra-violet rays by using EXCIMER 
146 nra LAMP (manufactured by Ushio Inc. , H0012) . As a result, 
emission of blue light was exhibited. The relative luminance 
was 120, 

Comparative Example 1 

0.103 g of a powder of a blue light emitting phosphor 
BaMgAlioOi7:Eu having a BET specific surface area of 6 m 2 /g used 
in the example 1 was filled in a substrate having a space of 
2 cmxl,6 cmx0*02 cm (lengthxwidthxdepth) , whereby a phosphor 
layer was produced. The phosphor layer had a voidage of 58 
vol% . The obtained phosphor layer was placed in a vacuum chamber , 

maintained in a vacuum of not more than 6,7 Pa (5xl(T 2 torr). 
and was irradiated with vacuum ultra-violet rays by using EXCIMER 
146 nm LAMP (manufactured by Ushio Inc. , H0012) . As a result, 
emission of blue light was exhibited- The relative luminance 
was 104. 

According to the present invention, it is possible to 
provide a phosphor layer having a high luminance, a vacuum 
ultra-violet radiation excited light emitting element in which 
the foregoing phosphor layer is used, particularly a PDP having 
a high luminance. Therefore, the present invention has an 
industrially great advantage. 
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